Well-known and newly developed renormalization schemes for tan β are analyzed in view of three desirable properties: gauge independence, process independence, and numerical stability in perturbation theory. Arguments are provided that no scheme can meet all three requirements, and as an illustration, a "No-Go-Theorem" for the renormalization of tan β is established. Nevertheless, two particularly attractive schemes emerge. A discussion about which scheme might be the best compromise in practice is given.
Introduction
The quantity tan β is one of the main input parameters of the minimal supersymmetric standard model (MSSM). At the tree-level it is defined as the ratio of the two vacuum expectation values v 1,2 of the MSSM Higgs doublets,
Owing to its central appearance in the spontaneous symmetry breaking, tan β plays a crucial role in almost all sectors of the MSSM and has significant impact on most MSSM observables. However, the vacuum expectation values and tan β are not directly measurable quantities. In spite of its importance, tan β is an auxiliary variable. The virtue of tan β is that it can be used as an easy-to-handle input parameter in terms of which all different observables can be expressed. In contrast to other parameters like the electron charge or the particle masses, there is no obvious and unique way to relate tan β to an observable. The actual definition of tan β, its physical meaning and its relation to observables is given by the choice of a renormalization scheme. This choice determines the numerical value of tan β as well as its formal properties like gauge dependence and renormalization-scale dependence.
In the literature, several renormalization schemes for tan β have been proposed and used [1] [2] [3] . Each of these schemes has specific advantages and disadvantages. In this article, we put up three criteria that are desirable for a renormalization scheme for tan β:
• Gauge independence. If the relation between tan β and observables is gauge independent, the numerical value of tan β is also gauge independent and a more physical interpretation of tan β is possible.
• Process independence. If tan β is defined by a relation to a physical process, a non-universality and flavour-dependence can be introduced that violates the intuition implied by (1) that tan β is a quantity of the MSSM Higgs sector. Process-dependent schemes have further technical drawbacks like the necessity to calculate more complicated vertex functions in the determination of δ tan β and the possible appearance of infrared divergent QED-or QCD-corrections.
• Numerical stability. The numerical properties of the renormalization constant δ tan β should not spoil the validity of the perturbative expansion. Generally speaking, the finite contribution to δ tan β and the renormalization-scale dependence of tan β should not be too large.
We analyze the properties of the known renormalization schemes in view of these criteria and devise new schemes in order to satisfy them. Since it is the most intricate point, we will be concerned with questions of gauge dependence and gauge independence for the largest part of the article. Our results are negative. We find that the known process-independent schemes are gauge dependent and that the new gauge-independent schemes lead to numerical instabilities. Arguments are provided that schemes fulfilling all three criteria do not exist. However, as a result of our analysis two schemes emerge that are particularly attractive and useful compromises.
The outline of the present article is as follows. After briefly introducing the MSSM Higgs sector in sec. 2, it is shown in sec. 3 that the DR-scheme as well as the schemes proposed in [1, 2] are gauge dependent already at the one-loop level. In sec. 4, three gauge-independent and process-independent schemes are developed. The numerical instability induced by these schemes is exhibited in sec. 5. The discussion of processindependent schemes is completed in sec. 6 by demonstrating that a large class of process-and gauge-independent schemes leads to numerical instabilities. Finally, in sec. 7 the problems caused by process-dependent schemes are discussed and one useful scheme is presented. Sec. 8 contains our conclusions and a discussion of two attractive renormalization schemes for tan β.
The MSSM Higgs sector
The MSSM contains two Higgs doublets
whose electrically neutral components are shifted by v 1,2 in order to account for the finite vacuum expectation values. The parameters of the MSSM Higgs sector are
It relates tan β to the physical Higgs masses and will be useful for later purposes. The counterterms to the MSSM Higgs sector are generated by a multiplicative renormalization transformation of the parameters and fields. For the purpose of the present article, the explicit form of the field renormalization is not important, but the parameter renormalization is given by
Through the relations (6) also renormalization constants δe, δM Z,W,A , δt β and δt 1,2 are defined, in particular δt β = tan β(
). There are two important relations between δt β and other renormalization constants (for t 1 = t 2 = 0) that will be of use later:
3 Gauge dependence of some schemes for tan β
The actual definition of the parameters (5), their physical meaning and their relations to experimental quantities is given by the choice of a renormalization scheme. In gauge theories a gauge fixing is necessary for quantization. Since the gauge fixing is unphysical, the relations between observable quantities do not depend on it, but the relations between observables and the parameters (5) can be gauge dependent. Accordingly, in such a case the values for the parameters extracted from experiment are gauge dependent. For e, M Z,W,A , the on-shell renormalization scheme (see [4] for the case of the MSSM) provides a gauge-independent definition [5] : e is related to the effective charge in the Thomson limit, M Z,W,A are the masses of the Z, W, A 0 -bosons (defined as the real parts of the poles of the respective propagators). In addition, setting the renormalized tadpoles to zero,
is in agreement with the requirement of gauge independence. Here and henceforth, Γ denotes the generating functional of the renormalized 1PI vertex functions and
. . ) denotes a vertex function with incoming fields ϕ 1 . . . and incoming momenta p 1 . . . . In contrast, for tan β no such gauge-independent standard-definition is available. In this section we will show explicitly the gauge dependence of several well-known schemes for tan β. The first of these is the DR-scheme, which is defined by the condition
where "pure divergence" denotes a term of the order ∆ = 2 4−D − γ E + log 4π in dimensional reduction (or in dimensional regularization when suitable supersymmetryrestoring counterterms have been added [6] ) whose prefactor is such that all renormalized quantities are finite. Further common renormalization schemes for tan β are the ones introduced by Dabelstein [1] and by Chankowski et al. [2] . In these schemes one writes δṽ 1,2 = v 1,2 δZ 1,2 /2 − δv 1,2 with the field renormalization constants δZ 1,2 of the Higgs doublets and requires the conditions
At the one-loop level these conditions lead to DCPR :
with the A 0 Z mixing self energy Σ A 0 Z . A similar prescription requiring vanishing H + W − mixing instead of vanishing A 0 Z mixing has been used in [7] . In these schemes tan β is apparently not directly related to any observable. It is known that the DR-scheme leads to a gauge dependent tan β at the two-loop level [8] .
In the following, we will show that in fact both schemes lead to a gauge dependence of tan β already at the one-loop level.
The tool we use to determine the gauge dependence is an extended Slavnov-Taylor identity introduced in [9, 10] 
Here ξ denotes an arbitrary gauge parameter in the gauge-fixing term and χ is a fermionic variable acting as the BRS transformation of ξ. S(Γ) is the usual SlavnovTaylor operator (see Appendix). If not stated otherwise we leave the form of the gaugefixing term open. We only assume that the gauge-fixing term is coupled to auxiliary B fields, in order to obtain simpler symmetry identities. In contrast to the usual Slavnov-Taylor identity S(Γ) = 0, the extended identity (21) need not be satisfied. If, however,S(Γ) = 0 holds, then physical quantities -expressed as functions of the parameters of the lowest-order Lagrangian -are gauge independent. Accordingly,S(Γ) = 0 implies that the values for the parameters extracted from experiment are gauge independent. If suitable χ-dependent terms are added to the action, the extended Slavnov-Taylor identity holds at the tree-level. In order to satisfyS(Γ) = 0 also at higher orders, the renormalization conditions must be chosen as to not contradictingS(Γ) = 0.
We will make use of the extended Slavnov-Taylor identity in particular in two ways. On the one hand, in our one-loop calculations we employ regularization by dimensional reduction [11] assuming all symmetries are preserved, soS(Γ (1),reg ) = 0, where Γ reg denotes the unrenormalized vertex functional and the index (1) denotes the loop order. The identityS(Γ (1),reg ) = 0 entails an easy way to calculate the ξ-derivatives ∂ ξ Γ (1),reg ϕ i ··· of regularized vertex functions. On the other hand, presumingS(Γ reg ) = 0 at some loop order, a necessary condition forS(Γ) = 0 at this order is the gauge independence of the counterterms to the symmetric parameters [10, 12] . In the case of the MSSM Higgs sector:
In contrast, for δṽ 1,2 and field renormalization constants an arbitrary ξ-dependence is compatible withS(Γ) = 0. Eq. (22) also constitutes a sufficient condition, since if it is satisfied, χ-dependent counterterms can always be added in such a way thatS(Γ) = 0 holds at the considered loop order. Thus, (22) provides a simple possibility to check whether a given renormalization scheme is compatible withS(Γ) = 0 and hence with the gauge independence of tan β.
Let us now show the gauge dependence of tan β at the one-loop level in the DRand DCPR-schemes (18), (20), beginning with the DR-scheme. IfS(Γ) = 0 is to hold, the gauge independence of the counterterms (22) implies, together with eq. (15):
We only consider the purely finite parts here since the divergent contributions are restricted byS(Γ (1),reg ) = 0 and hence in agreement withS(Γ) = 0. In the DR-scheme the finite part of the renormalization constant δt β itself is zero and therefore gauge independent,
However, the tadpole counterterms are determined by Γ φ 1,2
Using the extended Slavnov-Taylor identity at the regularized level,S(Γ (1),reg ) = 0, yields for the l.h.s. of (23):
The ξ-dependence of Γ depend on the specific choice of the gauge fixing. In the R ξ -gauge we obtain (for the relevant Feynman rules see Appendix):
where B 0 denotes the usual two-point function. Hence, in the context of the R ξ -gauge,
and the DR-scheme is compatible with (23), (24) and hence withS(Γ) = 0 at the one-loop level (but not at the two-loop level [8] ). However, in more general gauges (28) is not true. As a simple example we consider an infinitesimal deviation from the R ξ -gauge by introducing a second, infinitesimal gauge parameter ζ ZA 0 that enters the gauge-fixing function for the Z boson as follows:
We can study the dependence on this second gauge parameter in the same way as the dependence on ξ. We introduce the variable χ ZA 0 and consider the Slavnov-Taylor
Using this identity at the regularized level, we obtain, via an identity analogous to (26):
Hence, in this generalized gauge, the gauge dependence of δt β in the DR-scheme differs from the one prescribed by (23) (with ξ → ζ ZA 0 ). Accordingly, the relation between tan β and observable quantities, i.e. the value tan β exp extracted from experiment is gauge dependent:
In a second step it is quite easy to see the gauge dependence of tan β in the DCPRschemes defined by (20). We know that the DR-scheme is in agreement withS(Γ) = 0 in the R ξ -gauge at the one-loop level. So we consider the difference
UsingS(Γ reg ) = 0, in the R ξ -gauge the r.h.s. can be expressed as
which is non-zero as can be easily seen by inspection of the corresponding one-loop diagrams (see Fig. 1 ). For example, there is an M h -dependent contribution to Γ χA 0 Y G 0 that cannot be cancelled in (33). Hence, in the DCPR-schemes tan β is gauge dependent even at the one-loop level in the R ξ -gauge: 
Three gauge-independent schemes for tan β
In the following we present three gauge-independent renormalization schemes for tan β. These schemes share the additional property that tan β is defined via quantities in the Higgs sector and without reference to a specific physical process -in that sense they are closely related to the tree-level definition tan β =
. The use of these schemes is on the one hand to demonstrate the existence of such gauge-independent schemes and on the other hand to illustrate three ways to devise gauge-independent renormalization schemes.
The first scheme is defined by the requirement that the parameter m 2 3 and its counterterm is gauge independent as dictated by (22), which is most easily realized by DR-renormalization:
We refer to this scheme as the "m 3 -scheme". Together with the on-shell conditions for e, M Z,W,A , t 1,2 this condition fixes the seventh parameter in (5), tan β. Since at the regularized levelS(Γ (1),reg ) = 0 holds, the divergent part of δm 2 3 is gauge independent, hence
in the m 3 -scheme, and thus this scheme is compatible with eq. (22) andS(Γ) = 0. Hence, it defines tan β in a gauge-independent way. Using the relation (6b) between M 2 A , tan β and m 2 3 we can derive a result for the finite part of δt β :
In this way δt β is expressed via δM 2 A and δt 1,2 by the A 0 -self energy and the tadpole contributions. The superscript fin denotes the purely finite part of the renormalization constants. The result for the purely divergent part of δt β is the same as in all other schemes.
A second gauge-independent scheme can be read off from eq. (23), which is a necessary consequence ofS(Γ) = 0. The most straightforward way to satisfy (23) is to require Tadpole-scheme :
This scheme will be referred to as the "Tadpole-scheme". It can also be obtained in a second, instructive way by temporarily replacing the tadpole conditions Γ φ 1,2 = 0 by the conditions
In such a scheme, where the tadpoles are not renormalized, the renormalization constants δṽ 1,2 are gauge independent ifS(Γ) = 0 holds (since in this case δṽ 1,2 can be entirely expressed in terms of the gauge-independent constants in (22)). Hence also δt β is gauge independent, and in combination with (39) the DR-condition
is in agreement withS(Γ) = 0. The connected Green functions and the physical content of the theory do not change by varying δṽ 1,2 and accordingly δt 1,2 , δt β etc. while keeping δg (′) , δm 2 1,2 , δm 2 3 fixed. Eq. (15) yields a relation between δt 1,2 , δt β and these fixed renormalization constants:
Therefore, in physics respects the conditions Γ φ 1,2 = 0 for the tadpoles and (38) for tan β are equivalent to (39), (40). By construction, the Tadpole-scheme (38) combined with the on-shell conditions for e, M Z,W,A , t 1,2 is in agreement with the extended Slavnov-Taylor identityS(Γ) = 0. Hence it provides another gauge-independent definition of tan β.
In the third scheme, tan β is defined as a combination of physical Higgs masses in agreement with the lowest-order result (13):
where M 2 H,h denote the physical masses of H, h (defined as the real parts of the poles of the respective propagators). This scheme is denoted as "HiggsMass-scheme". Since the physical masses are gauge-independent quantities, this scheme provides manifestly a gauge-independent definition of tan β.
The definition (42) is problematic, because due to higher-order corrections the r.h.s. can get larger than unity. In spite of this possibility, evaluating the requirement (42) at the one-loop level yields a condition for δt β that always has a solution:
whereΣ hh,HH denote the renormalized hh and HH self energies, evaluated on-shell (p 2 = M 2 h,H , respectively). This equation is linear in δt β and can therefore always be solved for δt β as a function of the unrenormalized self energies, δM 2 A and δt 1,2 . However, the possibility of the r.h.s. in (42) getting larger than unity already signals that this HiggsMass-scheme could cause numerical problems. In the next section, the numerical properties of all three gauge-independent schemes will be discussed.
Numerical instability of the gauge-independent schemes
Gauge dependence and gauge independence are important conceptual characteristics of renormalization schemes. But in practice it is also mandatory that a renormalization scheme does not lead to numerical instabilities in the quantum corrections to physical processes. The gauge-dependent schemes presented in section 3 have been successfully used in many practical loop calculations. Only in the calculation of the neutral Higgs masses [13] slight numerical instabilities caused by the scheme of [1] were reported that are avoided using the DR-scheme. In this section we will demonstrate that the three gauge-independent schemes presented in the foregoing section lead to much more severe numerical problems at the one-loop level.
A straightforward way to analyze the numerical behaviour of the one-loop corrections is to derive the renormalization-scale dependence of tan β in the various schemes. In the DCPR-schemes (20) and in the HiggsMass-scheme (42), tan β is scale independent because it is defined on-shell, while in the DR-scheme, the m 3 -scheme and the Tadpole-scheme the scale-dependence of tan β is obtained by simply equating
whereμ is the renormalization scale used in dimensional reduction. For the scaledependence in the DR-scheme we obtain a simple analytical formula, which is wellknown (see e.g. [8] ):
where h t,b,τ are the Yukawa couplings of the top, bottom, and τ , respectively, and where the contributions of the first two generations are neglected. The analytical results for the scale dependence in the other schemes are more complicated, so we restrict ourselves to a numerical analysis. Table 1 contains the numerical results for the scale dependence for three typical sets of MSSM-parameters taken from [14] . Apparently, the scale dependence of tan β in the DR-scheme is quite small, indicating a small uncertainty in one-loop corrections due to δt β . On the other hand, the scale dependence of tan β in the m 3 -and Tadpole-schemes can get immensely large. In practice, for instance changing the scaleμ from m t to M A can cause unacceptably large changes in the numerical values of one-loop corrections to observables that depend on tan β.
The fact that tan β is not scale-dependent in the HiggsMass-scheme does not imply that this scheme does not lead to numerical instabilities. In table 2 the numerical values of the purely finite part δt β fin are shown in the schemes where it is non-vanishing. Typically, the finite contribution to a renormalization constant should be suppressed compared to the respective tree-level parameter. Table 2 shows that this is the case only for the DCPR-schemes (and of course for the DR-scheme), whereas in the three gauge-independent schemes, in particular in the HiggsMass-scheme, δt β fin can exceed tan β by far. The consequences are very large one-loop corrections to quantities depending on δt β , signalizing the breakdown of the validity of the perturbative expansion. Table 1 : ∂ tan β/∂logμ in the DR-m 3 -, and Tadpole-scheme for various parameter scenarios. We have chosen M A = 500GeV, and the remaining parameter values are chosen according to [14] . Table 2 : δt β fin in the DCPR-, m 3 -, Tadpole-, and HiggsMass-scheme for various parameter scenarios. We have chosenμ = M A = 500GeV, and the remaining parameter values are chosen according to [14] .
As an example for the influence on the calculation of observables we consider the one-loop results for the mass of the light CP-even Higgs boson, M h , according to the strict one-loop formula
whereΣ hh is the renormalized one-loop h-self energy. The numerical results are presented in table 3 for the case of small tan β, where the Higgs mass is most sensitive to tan β. We observe that for the parameters used here the DCPR-schemes and the DRscheme agree well numerically, whereas the the discrepancy between these schemes and the gauge-independent ones can be very large. This discrepancies cannot be interpreted as theoretical errors in the prediction of the Higgs mass but they are consequences of the invalidity of the perturbative expansion in the m 3 -, Tadpole-and HiggsMass-scheme.
In contrast, perturbation theory is trustworthy in the DCPR-schemes and the DRscheme. A more detailed comparison between the scheme of [1] and the DR-scheme taking into account the leading two-loop effects has shown that the DR-scheme has generally a better numerical behaviour in certain regions of the parameter space [13] . Table 3 : The light Higgs mass M h in the five renormalization schemes and for various parameter scenarios. We have chosen tan β = 3 and M A = 500GeV, and the remaining parameter values are chosen according to [14] .
Impossibility of defining tan β in the Higgs sector without introducing gauge dependence or numerical instability
In the previous section severe numerical problems were found in all three gaugeindependent schemes. In this section it is shown that the conflict between gauge independence and numerical stability is unavoidable if tan β is defined via quantities of the Higgs sector. Since the numerical instability is so strong that the schemes cannot be used in practice, this result can be interpreted as a "No-Go"-like theorem for a gauge-independent renormalization of tan β in the Higgs sector. More precisely, we study the class of renormalization schemes where δt β fin at the one-loop level is given by a linear combination of finite parts of the on-shell Higgs self energies, their momentum derivatives Σ ′ , and tadpoles:
The coefficients in this linear combination should be functions of the parameters of the Higgs potential e, tan β, M Z,W,A . The choice of (47) is motivated by the intuition that tan β is a quantity of the MSSM Higgs sector. All schemes considered in sections 3, 4 belong to this class. As shown in Appendix C, the most general gauge-independent schemes of the class (47) are given by
where a A,H,h are coefficients and the quantities K A,H,h are defined as the following combinations:
and analogous for K H,h . These combinations are gauge independent as can be seen from the identities (displayed here for the case of K A )
derived fromS(Γ (1),reg ) = 0. Besides, K A,H,h are nothing but the gauge-independent δM 2 A,H,h mass counterterms in the scheme with δt 1,2 = 0 (compare discussion of the Tadpole-scheme).
The numerical instability originates from several terms contributing to δt β and the scale dependence ∂ logμ tan β. In particular, in the general scheme (48), ∂ logμ tan β contains terms of the order
which can get large independently of each other. 1 It is possible to choose the coefficients a A,H,h in (48) such that these three large terms are exactly cancelled in ∂ logμ tan β. In this way an optimal, gauge-independent scheme with minimal scale dependence is obtained. Of course, this optimal scheme is nothing but the HiggsMassscheme (42), where tan β is defined on-shell and thereforeμ-independent. As seen in section 5, the HiggsMass-scheme leads to numerically not acceptable, large contributions to δt β itself. Hence, the only scheme where the contributions (51) are absent is the numerically inacceptable HiggsMass-scheme, and all other schemes of the form (48) involve the large contributions (51) to ∂ logμ tan β and are for this reason unsuited. None of the gauge-independent schemes defined in (48) can be used in practice.
Process-dependent schemes
If tan β is defined via quantities of the Higgs sector there is an unavoidable conflict between gauge independence and numerical stability. In order to circumvent these problems one could try to define tan β outside of the Higgs sector by relating it to a specific physical process. This method has been adopted in [3] , where it was suggested to use the decay H + → τ + ν τ . The one-loop corrected decay width to this process reads
where F H + τ ν is the form factor describing the vertex and external wave-function corrections to the amplitude H + → τ + ν τ including the H + -W + and H + -G + mixing self energies.
By requiring that the radiatively corrected decay width retains the same form as the lowest-order formula, (52) can be understood as a definition of the renormalization constant δt β . As a consequence of the relation to a physical observable, this definition of tan β is manifestly gauge independent.
However, this scheme also has several drawbacks. At first, for the computation of δt β it is necessary to compute loop corrections to the three-particle vertex in F H + τ ν , which can be difficult beyond the one-loop level. Furthermore, it is conceptually disadvantageous to define tan β in a specific process, since in this way it becomes a non-universal, flavour-dependent quantity. Finally, the decay vertex H + → τ + ν τ also receives QED-corrections, which necessarily include contributions with real photon emission in order to cancel infrared divergences. It is not possible to separate the QED-corrections from the rest of the electroweak corrections since they are not individually UV-finite. For practical calculations, however, it is inacceptable to include real bremsstrahlung corrections into the definition of a counterterm.
While the first two drawbacks hold for any process-dependent scheme, the problem posed by the QED-corrections can be avoided by the choice of another process. One possibility is given by the decay A 0 → τ + τ − . Its one-loop decay width reads
The QED-corrections to this decay width consist of the photon loop contributions to F A 0 τ τ and δm τ ,
These QED-corrections F
form a UV-finite subset of the full electroweak one-loop corrections. The reason for this difference to the decay H + → τ + ν τ is that the latter process relies substantially on the SU(2) symmetry and γ, Z and W loops have to be summed to yield a UV-finite result. In contrast, the QED-corrections to A 0 → τ + τ − can be thought of as being generated by an effective theory containing essentially the A 0 τ τ vertex and the photon and are therefore naturally finite.
Owing to the finite QED-corrections, a possible definition of tan β is given by requiring that the pure weak corrections in (53) cancel and that the exact decay width is given by the tree-level result plus QED-corrections:
With this definition, tan β is gauge independent and not affected by QED-corrections and infrared divergences. Moreover, the one-loop correction to the decay A 0 → τ + τ − using the renormalization scheme of [1] is quite small [15] . Hence, if tan β is defined by (55), it does not suffer from the numerical instabilities found for the cases of the gauge-independent schemes in sections 5, 6.
Conclusions
In this article, the renormalization of tan β has been studied in view of the criteria gauge independence, process independence, and numerical stability. The DR-scheme as well as the schemes presented in [1, 2] have been shown to imply a gauge dependence of tan β already at the one-loop level. Therefore, three gauge-independent schemes have been developed -however, using these schemes produces inacceptably large numerical instabilities in higher-order calculations. The conflict between gauge independence and numerical stability has been made more explicit by a general statement about a large class of process-independent schemes, where tan β is defined via quantities of the Higgs sector. We have shown that all gauge-independent schemes of this class lead to numerical instabilities. Hence, it seems to be impossible to find any renormalization prescription that satisfies all three above criteria.
As a way out of these problems, process-dependent schemes can be used, but such schemes also have specific drawbacks. Conceptually, the flavour-dependence of tan β is unsatisfactory, and technically, the necessity to calculate three-point functions and the possible appearance of QED-and QCD-corrections are disadvantages.
In the course of our analysis, two schemes emerge as the best compromises both in conceptual and practical respects. On the one hand, the DR-scheme is the most advantageous among the process-independent schemes. It is technically very convenient, numerically perfectly well-behaved -and although it is in general gauge dependent, it is not gauge dependent at the one-loop level in the context of the important class of R ξ -gauges. On the other hand, defining tan β via the decay A 0 → τ + τ − provides a particularly attractive process-dependent alternative. In this scheme, tan β is directly connected to an observable and therefore gauge independent as well as renormalization-scale independent. Furthermore, this specific process is theoretically very clean since it involves no QCD-corrections at the one-loop level and the QEDcorrections can be split off.
Both the DR-scheme and the (A 0 → τ + τ − )-scheme have specific advantages, so depending on the situation one or the other can be more useful in practice. However, finally a decision should be made for one definition of tan β, since a common renormalization scheme is important to allow direct comparisons between different higherorder calculations. In the (A 0 → τ + τ − )-scheme, the specific process is chosen merely for technical reasons. From an experimental point of view, the decay A 0 → τ + τ − is only one possibility amongst a variety of potential observables for the determination of tan β (see e.g. [16] ); a key observable for the definition of tan β does not exist. This reflects the fact that tan β is an auxiliary parameter. Accordingly, the advantages of the process-dependent scheme appear less significant. Owing to its technical convenience and its process-independence, we assess the DR-scheme as the best choice for defining tan β.
A Slavnov-Taylor operator
The (gauge part of the) Slavnov-Taylor operator of the MSSM can be written in the form 
where "other fields" stands for the (s)quark, (s)lepton, chargino and neutralino fields. For the full form including also supersymmetry and translational ghosts see ref. [4] . The fields B V are auxiliary fields that couple to the gauge-fixing term and are defined as the BRS transformation of the Faddeev-Popov antighostsc V . The fields Y ϕ i are sources for the BRS transformations of the fields ϕ i . For our purposes, the Feynman rules involving Y Z,G 0 ,A 0 ,φ 1,2 are important. They can be derived from the Lagrangian (s denotes the generator of BRS transformations): 
B Gauge-fixing terms
For most parts of the paper we leave the form of the gauge fixing open. However, in the one-loop calculations two specific gauge-fixing terms are used. The R ξ -gauge is defined by the choice
for the gauge-fixing functions and the gauge-fixing Lagrangian. For loop calculations, it is useful to eliminate the B fields via their equations of motion, yielding
|F V | 2 . The χ-dependent terms in the Lagrangian that are necessary to satisfyS(Γ (0) ) = 0 are obtained from L fix,ghost,χ = (s + χ∂ ξ )(c V (F V + ξ 2 B V )). For eliminated B fields they read
In the generalized gauge defined by eq. (29), the correct form of the χ ZA 0 -dependent terms is given by
